OA 82-289P3) Methods for combined cytofluorometric determinations of nuclear DNA plus other parameters (proteins, enzyme activity, or immunoreactive substances) are reported. DNA measurement was performed on an autoradiograph of Feulgen-stained fetal mouse hepatocytes. In order to facilitate the multiparametric measurements and data processing, a fluorescence cytophotometer (BH2-QRFL, Olympus, Tokyo) equipped with four interchangeable filter-sets and controlled by a desktop computer (HP-85F), was used. All data stored in the same computer were dis-played in a two-dimensional scatter plot or two-dimensional frequency distribution histogram. Analysis of the DNA histogram of fetal mouse hepatocytes was accomplished by the same computer. Calculated fraction sizes for G,, S, and G2 plus M phases were found to be in good correlation with those determined directly on the simultaneously combined tritiated thymidine ( 3H-TdR) autoradiography.
Introduction
In the late 1960s, two different types of evolutionary progress were made in the field of fluorescence cytophotometry. First, the development of an epi-illumination system (10) and its application in new versions of the static cytofluorometer enabled researchers to obtain reproducible illumination conditions. The second was the invention of a method for measurement of cell fluorescence in a flow system, which was patented by Dittrich and Gohde (2) . Rapid measurement in a flow system almost eliminated the problem of fluorescence decay. A similar problem was also solved satisfactorily in static cytofluorometry by the development of a postirradiation method to induce fluorescence stabilization (5) . A single well-chosen parameter may suffice for quantitative detection of a state of cell function, but multiparameter cell analysis techniques are needed to understand the dynamic aspects of different cell functions as a whole. In flow cytofluorometry, two or more laser sources are needed to diminish the limits set by the number and variety of cellular properties that can be measured simultaneously, and a large number of bytes of disk space are required for both hardware and software operation, although measurements can be performed rapidly and the number of cells measured is sufficiently large for statistical analysis. The static cytofluorometer used in the present study was developed for multiparametric cell analysis through an on-line connection with a desktop computer, permitting automatic filter exchange and multimodal data processing (6) . Although the number of cells measured is usually less than 1,000, and the measuring procedure is more time-consuming and laborious than that in flow cytofluorometry, it is convenient for distinguishing among different cell subpopulations by their morphological characteristics, and also for simultaneous use with autoradiography.
Materials and Methods

DNA and Proteins
SH-groups in nuclear proteins. Mouse hepatocyte nuclei were denuded by 3 strokes in a Potter homogenizer in Ca z +-free Ringer-Locke's solution and smeared on nonfluorescent glass slides. SS-groups were reduced to SH-groups and stained with fluorescein mercury acetate, according to the method of Karush et al. (7) , following this the p-rosaniline Feulgen reaction was performed. Excitation and measuring conditions for SH-groups and p-rosaniline Feulgen were as reported (5, 7) .
Total proteins. Two standard vaginal cytology specimens, taken from a 55-year-old patient with cervical carcinoma and a 30-year-old normal woman, were stained for DNA and total protein by using the combined p-rosaniline Feulgen and acriflavine ninhydrin-Schiff techniques, and measured as reported by Fukuda et al. (5) . Subsequently these cells were stained with 4',6-diamidine -2-pheny- lindole (DAPI) stain for DNA (1) . Excitation and measuring conditions for peroxidase activity and DAPI were as described in previous reports (1, 9) .
DNA and Peroxidase Activity
DNA and Immunoreactive Substance
Anti-cytidine antiserum was prepared according to the method of Erlanger and Beiser (3). Coupled immunofluorescent and p-rosaniline Feulgen stains were performed on isolated and smeared mouse hepatocytes (1-year-old) to determine the amount of single-strand DNA per unit DNA content in each DNA class, as reported previously (5, 8) .
DNA Cytofluorometry on an Autoradiograph of Feulgen-stained Fetal Mouse Hepatocytes
Hepatocytes were labeled with tritiated thymidine ( 3 H-TdR) (0.2 µCi/g), smeared on a cover slip, and p-rosaniline Feulgen stained. After developing the autoradiograph, the cover slip was mounted upside down on a nonfluorescent glass slide and DNA content was measured on the autoradiograph without interference from the silver grains lying under the nuclei. Labeled cells could be identified through binocular eyepieces by the reflected excitation light on the surfaces of the grains. DNA histogram analysis was performed using the same computer attached to the cytofluorometer by a method analogous to that of Fried (4) , but the number of the Gaussian dispersion function was decreased in a graded manner towards increased DNA value, although the coefficient of variation for all DNA values was regarded as constant.
Results
The data obtained by consecutive measurements of DNA and other parameters were displayed in two-dimensional scatter plots, as shown in Figure 1 . The number of SH-groups was almost linearly proportional to the DNA content. The amount of single-strand DNA resulting from damage induced by the aging process was found to increase in polyploid hepatocytes. Peroxidase activity was greatest in neutrophilic leukocytes; that in small lymphocytes was around the background level. The amounts of DNA and total protein measured in human cervical carcinoma cells were displayed in a two-dimensional scatter plot and a two-dimensional frequency distribution histogram, together with the comparable data determined on a normal vaginal smear (Figure 2 ). DNA and total protein in normal vaginal epithelial cells were distributed over a narrow area, but cervical carcinoma cells exhibited increased and dispersed amounts of DNA and protein. A DNA histogram with labeled S-phase cells (as measured on an autoradiograph of Feulgen-stained hepatocytes) is shown in Figure 3 , with the results of computer determinations of G 1 , S, and G2 plus M phase fractions. The fraction sizes of G 1 , S, and G2 plus M phase determined directly on the DNA histogram were 55.6, 40.0, and 4.4%, respectively, and those obtained by computer analysis were 56.0, 40.0, and 4.0%, respectively. These values, obtained by different methods, correlated well. 
Discussion
On the postirradiated specimen, cytofluorometric measurement need not be performed as rapidly as on a usual specimen. There is no need to fear that the objects adjacent to the mea-suring field may suffer fluorescence fading before they are brought to the center of measurement. The specimens used in the present study were all postirradiated by excitation beams before measurement. Graphic display techniques play a fundamental role in handling multiparametric analysis data. As shown in Figure 2 , the positive region is clearly distinguishable from the negative region in a two-dimensional DNA-protein scatter plot. The two-dimensional frequency distribution version enables us to more easily perform a visual inspection.
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